Background Costimulation blockade with antibodies directed against human CD40 and CD86 leads to prolonged kidney allograft survival in rhesus monkeys, but fails to induce permanent graft acceptance. We have tested whether costimulation blockade is more effective after peripheral T-cell ablation with antithymocyte globulin (ATG), with the aim to remove already primed autoreactive cells present in the normal repertoire. Methods Rhesus monkeys were transplanted with a mismatched kidney allograft. ATG was given around the time of transplantation (day -1 and 0). Costimulation blockade with anti-CD40+anti-CD86 was given at tapering dosages from day -1 to 56. Cyclosporin A (CsA) was given from day 42 onwards and first rejections occurring after day 42 were treated with Prednisone. Results We observed accelerated rejection in ATG-treated monkeys, compared to animals receiving only costimulation blockade. The accelerated rejection of the kidney allograft occurred despite the application of rejection therapy with steroids and CsA. Three of the five ATG-treated animals were found seropositive for donor-specific alloantibodies. Early biopsies (day 21) from animals treated with ATG and antiCD40+anti-CD86 show substantially reduced expression of cytotoxic T lymphocyte associated antigen-4 (CTLA-4) and forkhead box P3 (FOXP3) in focal infiltrates as compared to animals treated with only costimulation blockade. Furthermore, we observed the rapid reappearance of CD8 + T-cells with a memory phenotype (disappearance of naive CD95 low /CD11a low T-cells) in peripheral blood. Conclusion We conclude that (subtotal) T-cell depletion using ATG does not add to costimulation blockade induced kidney allograft survival.
Introduction
The immature immune system of naive mice can be easily diverted to a state of tolerance, but it is far more difficult to achieve this in the presence of acquired immunological memory [1] . Conceptually, immunological memory towards alloantigens can be the result of priming of T-cells by the specific alloantigens or by pathogens that evoke a cross-reactive immune reaction towards the alloantigens (heterologous immunity) [2] . As primed T-cells are less dependent on costimulatory signals for their reactivation, costimulation blockade may be less effective in the induction of allospecific tolerance in non-SPF animals [2, 3] . We hypothesised therefore that ablation of peripheral T-cells with antithymocyte globulin (ATG) may have a dual beneficial effect on graft acceptance in a rhesus monkey model of kidney transplantation. We reasoned that ATG not only removes the allocrossreactive T-cells that seem to obstruct graft acceptance [2, 3] , but also may render the immune system more sensitive to tolerization, as was shown in mice [4] .
In the current study, we have treated rhesus monkeys in a kidney allograft model with antibodies against human CD40 and CD86 to achieve costimulation blockade. Treatment with these antibodies was found to prevent graft rejection during the treatment period, although long-term drug-free allograft survival was not achieved [5] . Prolonged graft survival was associated with expression of CTLA-4 and FOXP3 in early graft biopsies.
A reduction in the number of circulating peripheral T-cells in rhesus monkeys was achieved with the human T-cell depleting agent ATG. This reagent has been effectively tested as an induction therapy of immunosuppression for kidney transplantation in humans [6] . Our results show that monkeys receiving ATG at the start of the treatment with anti-CD40 plus anti-CD86 antibodies rejected their kidney allografts significantly earlier than monkeys receiving only costimulation blocking antibodies. Rejection occurred in spite of high dose CsA after day 42 in both groups. Pretreatment with ATG appeared associated with an increase of the incidence of alloantibody production.
The observation that ATG treatment at the start of the installation of costimulation blockade reduces the beneficial effect of the latter treatment on allograft survival in a valid preclinical model of kidney transplantation is important for the clinical setting.
Materials and methods

Animals and renal transplantation
Naive, captive bred 3.5-8 kg rhesus monkeys (Macaca mulatta) (n=5) were typed for Mamu-A, and -B antigens by serology [7] . Disparity for serologically defined DR locus antigens was confirmed by Mamu-DRB typing at the molecular level [8] . Recipients were mismatched for one or two Mamu-DR antigens, and had at least one Mamu-A and -B mismatch with the donor. In addition, selected monkeys had a stimulation index of >3 in a one-way mixed lymphocyte reaction (MLR) of the re-cipient cells directed against the donor antigens. Heterotopic kidney allotransplantation with bilateral nephrectomy was performed on postoperative day (POD) zero, as previously described [5, 9] . All procedures were performed in accordance with guidelines of the Institutional Animal Care and Use Committee installed by Dutch law.
Eighteen-gauge needle biopsies were collected from transplanted kidneys at regular time intervals. For histological examination of biopsy and necropsy tissue samples, these were formalin-fixed and paraplast-embedded. Then 4 μm thick sections were stained with H&E, periodic acid Schiff, and a silver impregnation staining (Jones). Histopathological evaluation of allograft rejection was performed according to the Banff classification [10] . Anti-donor antibodies were determined by incubation of donor cells with recipient serum+anti-immunoglobulin (Ig) G or anti-IgM antibodies and subsequent fluorescence-activated cell sorting (FACS) analysis as described previously [5] .
Immunosuppressive treatment
Immunosuppressive treatment with antagonistic chimeric monoclonal antibodies (mAbs) specific for human CD40 (ch5D12) and human CD86 (chFun-1) (PanGenetics BV, Utrecht, The Netherlands) was given intravenously (i.v.) as described previously [5] to both groups (Table 4 .1). Briefly, 20 mg/kg dosages of both antibodies were given on PODs -1 and zero, 10 mg/kg dosages were given on PODs 4, 7, 11, and 14 and 5 mg/kg dosages were given twice weekly from POD 18 until 56. In addition to the costimulation blockade, CsA (Sandimmune, Novartis) was given once daily by intramuscular (i.m.) injections to the animals in the costimulation blockade (COS)/CsA group and in the ATG group from POD 42 onwards (Table 4 .1). Tapering dosages were given to the COS/CsA group to achieve trough levels of 300 ng/ml from POD 42-70; 200 ng/ml from POD 70-98 and 100 ng/ml from POD 98-126, as described previously [11] . CsA trough levels in animals in the ATG group were targeted to be 300-400 ng/ml until POD 98, where after CsA was discontinued. Twenty-four-hour CsA trough levels were monitored twice a week. CsA blood levels were measured using a radioimmunoassay after ethanol extraction (INCSTAR Corp., Stillwater, MN) of ethylenediamine-tetraacetic acid (EDTA) blood samples and dosing was adjusted based on these levels to reach indicated target trough levels. The animals in the ATG group ( Table 4 .1: Description of experimental groups. Costimulation blockade (COS) was achieved with antibodies against human CD40 and human CD86, which were administered from POD -1 to 56. Dosages of 20 mg/kg were given on PODs -1 and 0; 10 mg/kg was given twice weekly for the next two weeks, and 5 mg/kg was given twice weekly for the remaining six weeks. The COS/CsA group received in addition to the costimulation blockade with antibodies also CsA from POD 42 to 126, starting with 300 ng/ml trough levels, which was tapered every four weeks with 100 ng/ml. The ATG group received in addition to the costimulation blockade and CsA treatment an induction therapy with ATG on PODs -1 and zero. Methylprednisolone was given on POD -1 to alleviate the side effects of the ATG. CsA was given from POD 42 to 98 targeting trough levels between 300-400 ng/ml. Rejections, as defined by a 50% rise in serum creatinine levels within two subsequent twice weekly measurements, occurring after POD 42, were treated with three dosages of 10 mg/kg methylprednisolone and subsequently 1 mg/kg i.m. prednisone, which was tapered after POD 90. Rejections occurring before POD 42 were not treated. In one animal this led to final rejection on day 38 and in another animal (day 54), the first rejection was on POD 18, but this resolved partially and the following rejection after POD 42 was treated with steroids. The first rejection episode (50% creatinine rise within two subsequent twice weekly measurements) is depicted in the same order of animals relative to the graft survival. First rejections occurred significantly earlier in the ATG group (p = 0.0147) and despite anti-rejection therapy, graft survival was also significantly earlier in the ATG group (p = 0.0101). a Ureter obstruction, no rejection treated and when serum creatinine showed a significant rise or when the clinical condition began to deteriorate after animals had already received a rejection treatment, the animals were euthanized and necropsy was performed.
FACS analysis
Subset analyses were performed at regular time points using whole EDTA blood. Aliquots of whole blood (50 μl) were washed to remove circulating free antibody present in the serum. Cells were stained with fluorochrome-conjugated antibodies directed against human CD4, CD8 and CD20 (respectively clones SK3, SK1 and L27, Becton Dickinson, San Jose, CA). After lysis of the red blood cells, the remaining cells were washed and fixated using formaldehyde. Staining patterns were visualised by flow cytometry (FACSort, BD) and data analysis was performed using CellQuest software (BD). In addition, the presence or absence of naive cells was analysed by staining of stored frozen cells. The percent naive cells can be reliably determined in rhesus monkeys by staining of CD4 + and CD8 + cells with CD95 and CD11a, whereby the naive cells are determined as CD95 low /CD11a low [12] and memory cells are determined as 100% -percentage CD95 low /CD11a low cells. Cells were stained for CD3, CD4, CD8, CD95 (clones SP34, SK3, SK1 and DX2 respectively from BD/BD Pharmingen), and CD11a (clone B-B15, Diaclone). To enable five-and six-colour analysis, staining patterns were visualized using a FACSAria. Analysis was performed using BD FACSDiva software. Absolute numbers of T-cells with a naive or memory phenotype were calculated from the number of lymphocytes in fresh EDTA blood and the proportion of naive and memory lymphocytes as determined from frozen cells.
Immunohistochemistry
Five-micrometre thick cryosections were immunolabelled with antibodies specific for CD2 (clone T11, Beckman Coulter, CA), CD4 (home-made mix of OKT4, OKT4a, RIV6, RIV7 and MT-310), CD8, CD20, CD68 (clones DK25, L26 and KP1, DAKO, Denmark), CD83 (HB15A; Immunotech, Czech Republic), CD152 (CTLA-4; clone BNI3, BD Pharmingen, CA), and FOXP3 (hFOXY, eBioscience, CA) or with a polyclonal antibody specific for FOXP3 (ab2484, Abcam, United Kingdom). Slides were incubated for 20 hr at 4 • C. After washing, slides were incubated with a biotinylated rabbit anti-mouse mAb or a biotinylated donkey anti-goat mAb (ab2484), at room temperature. Slides were incubated with Strep ABComplex/HRP (CD2, CD4, CD8, CD20, CD68 and CD83) or Strep ABComplex/AP (CD152 and FOXP3) for 30 min. Substrate (DAB or Fuchsine) was added for 25 min. Slides were counter stained with haematoxylin. Stained cells were counted and expressed as percent positive cells of the total number of infiltrating cells. Focal infiltrates and diffuse infiltrates were evaluated separately. Several microscopic fields for each infiltration type were scored blindly. Results of both FOXP3 stainings were comparable, with respect to intra-animal variation as well as with respect to group means. The mean numbers of FOXP3 + cells have been calculated from both stainings.
Statistic analysis
Data are represented as means ± SEM, unless otherwise indicated. Animal survival was analysed by the Kaplan-Meier method and the log-rank test was used to determine statistical significance between the groups [13] . For non-parametric data, the Mann-Whitney U test was used. A p-value of ≤ 0.05 was considered significant.
Results
Accelerated graft rejection in monkeys receiving costimulation blockade with ATG
Without immunosuppressive treatment, rhesus monkeys reject an MHC mismatched kidney allograft within 6±0.7 days [9] . We previously showed that the rejection of a kidney allograft is substantially delayed to 80±9 days in rhesus monkey recipients receiving costimulation blocking antibodies specific for human CD40 and CD86 [5] .
Combination of costimulation blockade with delayed CsA treatment even induced long-term survival of the kidney allograft in 50% of these treated monkeys (Table 4. 1; COS/CsA group) [11] .
In the current study we have investigated whether T-cell ablation with ATG in combination with costimulation blockade and delayed CsA treatment further prolongs the survival of the kidney allograft. The ATG preparation used depletes T-cells from peripheral blood and lymph nodes [14] . In the current study, ATG was given one day before and at the day of transplantation, i.e. PODs -1 and zero. An eightweek treatment with anti-CD40 and anti-CD86 was started at POD -1, identical to the previously published COS/CsA group [5, 11] . Starting POD 42, CsA treatment was given to both the ATG and COS/CsA groups. Tapering dosages of CsA were given to animals in the COS/CsA group to investigate compatibility of COS treatment with conventional immunosuppression. CsA treatment was started POD 42 in the ATG group, identical to the COS/CsA group. However, we observed increased numbers of clinical rejections, in the ATG group. Rejections are defined by a 50% rise in serum creatinine within two subsequent twice-weekly measurements. CsA treatment was not tapered after four weeks, as in the COS/CsA group, because of the high rejection rate, but maintained at high dose for a total of eight weeks. In addition, first rejection episodes occurring after POD 42 were treated with steroids. The Kaplan-Meier survival analysis (Fig. 4.1) shows that despite this increased immunosuppression in the ATG group, first rejections occurred significantly earlier in the ATG group as compared to the COS/CsA control group (p = 0.0147, log-rank test). High-dose immunosupppression with COS blockade, CsA, and prednisone could not prevent kidney rejection (mean survival time 71±14 days, Table 4 .1).
Increased numbers of early rejections (a 50% rise in serum creatinin within two subsequent twice-weekly measurements, before POD 42) were observed in the ATG group (2 of 5, PODs 21 and 38) as compared to the four animals of the COS/CsA group [11] and the previously published five animals treated with costimulation blockade only [5] (0 of 9; log-rank test, p = 0.0448). Note that until POD 42, all 14 animals received identical immunosuppression, except for the ATG and methylprednisolon (POD -1) in the ATG group. The observed rejections during costimulation blockade treatment, occurring in spite of high-dose CsA and steroids in the ATG group, prompted us to investigate the early (until POD 42) effects of the ATG treatment. This allows us to compare animals of the ATG group with the nine animals of the, for this early period, combined COS-COS/CsA group. 
Disturbed memory versus naive T-cell balance after ATG treatment
Early effects of the ATG treatment on peripheral blood T-cell subsets were studied. In conformity with literature data [15, 16] , CD4 + as well as CD8 + cells are partially depleted from the peripheral blood after ATG infusion (Fig. 4.2A ). The same figure shows that the reduction of CD4 + cell levels (below 25% of initial value) is sustained for prolonged time (>50 days), while already at POD 21 a significant number (50%) of CD8 + T-cells returned into the circulation, leading to a reversal of the CD4/CD8 ratio. The animals of the COS-COS/CsA group also demonstrate reduced peripheral T-and B-cells on POD zero and seven. This is caused by a reduction in the total number of lymphocytes in the circulation, but the relative portions of CD4 + , CD8 + and CD20 + cells remain unaltered, and the CD4/CD8 ratio is not reversed. The effect seems to be caused by treatment with anti-CD40+anti-CD86 and not by the transplantation itself, because the effects were already observed on POD zero, before transplantation.
We subsequently analysed blood samples collected at PODs -7, 21, 42 and at necropsy by flow cytometry to determine whether reappearing cells were naive or memory T-cells. CD3 + CD4 + and CD3 + CD8 + T-cells were analysed for expression of CD95 and CD11a. As demonstrated by Pitcher et al. [12] , naive cells are CD95 low / CD11a low (Fig. 4 .2B, gated cells) while memory cells are the remainder of the CD4 + and CD8 + T-cells. ATG-treated animals all showed a significant reduction in the percentage of circulating naive CD4 + and CD8 + cells already on POD 21, the first time point measured after POD zero, while this was not observed in the COS group ATG group COS group p-value (t test) CD4 Naive (10 9 cells/l) 0.03 ± 0.01 0.68 ± 0.31 0.03 Memory (10 9 cells/l) 0.11 ± 0.04 0.42 ± 0.18 0.20 Ratio naive/memory 0.31 ± 0.11 1.51 ± 0.37 0.03 CD8 Naive (10 9 cells/l) 0.03 ± 0.02 0.31 ± 0.14 0.06 Memory (10 9 cells/l) 0.32 ± 0.19 0.27 ± 0.13 0.89 Ratio naive/memory 0.14 ± 0.06 1.24 ± 0.31 0.03 Table 4 .2: Early effects of ATG on naive and memory T-cell subsets were studied in cells taken on POD 21. CD4 + and CD8 + T-cells were analysed for naive (CD95 low /CD11a low ) and memory (non-naive) subsets. Data are given as mean±SEM. Absolute numbers of memory cells do not differ between groups, but absolute numbers of naive CD4 + and CD8 + cells are lower in the ATG group, although only significant for naive CD4 + cells. The ratio of naive and memory T-cells reveals a significant difference between both groups for both CD4 + and CD8 + cells. In the COS group, naive cells are present in access over memory T-cells. In contrast, animals treated with ATG have less naive T-cells than memory T-cells.
(see Fig. 4 .2B for a representative example). Absolute numbers of naive and memory T-cells present on POD 21 were determined, to assess early effects of the ATG. While absolute numbers of memory CD4 + and CD8 + cells were not different between groups, absolute numbers of naive CD4 + cells were significantly lower in ATG-treated animals (Table 4. 2). A disturbed balance between memory and naive cells is also apparent from the ratio between naive and memory cells. In animals from the COS group CD95 low /CD11a low naive cell numbers exceed memory cell numbers for both CD4 and CD8 cells (ratio 1.51±0.31 and 1.24±0.31, respectively), while these ratios are reversed in ATG-treated animals (0.31±0.11 and 0.14±0.06, respectively; Table 4 .2). The naive/memory CD4 and CD8 T-cell ratio's differ significantly between both groups (both p = 0.0286).
Naive CD3 + CD4 + and CD3 + CD8 + cells were also studied using the true naive CD45RA + CCR7 + subset [17] . Although Pitcher et al. [12] report that CD45RA is a less informative marker of naive T cells in rhesus monkeys, we found comparable results using CD45RA + CCR7 + T-cell subsets as markers of naive cells (CD45RA + CCR7 + ) as described above for the CD95 low /CD11a low subsets (data not shown).
Immunohistochemical analysis of graft-infiltrating cells
Early effects of ATG on the expression of regulatory T-cell (Treg) markers by graft infiltrating cells were studied. Kidney biopsies from POD 21 were analysed for expression of the markers CD2, CD4, CD8, CD20, CD68, CD83, CTLA-4 (CD152) and FOXP3. Despite (slightly) elevated serum creatinine levels in animals of the ATG group, no differences between animals treated with and without ATG were found (8) 0.02 CD2 84 ± 2.4 (4) 86 ± 2.0 (6) 0.61 CD8 24 ± 3.1 (4) 24 ± 6.6 (6) 0.61 CD20 6.8 ± 2.4 (4) 5.7 ± 0.8 (7) 0.41 CD68 16 ± 2.4 (4) 15 ± 2.7 (7) 0.79 CD83 13 ± 4.6 (4) 13 ± 4.5 (7) 0.93 Table 4 .3: Immunohistological analyses of graft-infiltrates in POD 21 biopsies. Data are given as mean±SEM percent positive cells of the total number of cells in the focal infiltrates with the number of animals analysed. A trend is observed that Tcell markers associated with T-cell regulation, CD4, CD25, CTLA-4 and FOXP3 are lower in the ATG group, which is significant for CTLA-4 (p = 0.02, bolded value).
Composition of the infiltrates does not differ significantly between the ATG group and the combined COS-COS/CsA group, for CD2, CD8, CD20, CD68 and CD83.
with respect to the number of infiltrating cells, as determined by interstitial infiltration (i), according to Banff (data not shown), or CD2 staining (Fig. 4.3, A and B) .
POD 21 kidney biopsies from animals of the COS-COS/CsA group were characterised by the expression of CTLA-4 (CD152) and FOXP3, mainly within focal perivascular infiltrates and less in diffuse interstitial infiltrates (Fig. 4.3, C and E) . Both CTLA-4 and FOXP3 are expressed on Tregs. Although CTLA-4 is also induced upon activation of cells, the expression of CTLA-4 and FOXP3 indicate that within focal infiltrates active downregulation of the immune response may take place. In POD 21 biopsies from animals in the ATG group, reduced numbers of CTLA-4 + or FOXP3 + cells were detectable (Fig. 4.3, D and F) . The percent CTLA-4 + cells was significantly lower in the ATG group (3.5±1.0%) as compared to the combined COS-COS/CsA group (9.6±1.5%, Fig. 4 .3G and Table 4 .3; p = 0.0186, Mann-Whitney U test). Notably, lower percentages of other Treg markers (FOXP3, CD25 and CD4), were found in biopsies of ATG-treated animals, although not significant (Fig. 4.3H and Table 4 .3). Percentages of CD2 + , CD8 + , CD20 + , CD68 + or CD83 + cells were similar in both groups (Table 4. 3). At euthanasia, all animals had about 23-30% CTLA-4 + cells in the focal infiltrates in the kidney (data not shown). The number of FOXP3 + cells at euthanasia still reflected the differences in group means seen at POD 21, although the percent positive cells was higher at euthanasia compared to POD 21 (data not shown). 
ATG pretreatment influences the antibody responses against the donor
Increased amounts of anti-donor IgG antibodies were found in animals of the ATG group, which are absent in all animals from the COS and COS/CsA groups (n=9) and did not develop donor-specific IgG alloantibodies. Three out of the five ATG-treated animals (survival 38, 56 and 97 days) developed a significantly higher level of IgG alloantibodies, ranging from 12% to 38% donor cells staining positive for recipient serum. One animal (survival 109 days) had only anti-donor antibodies of the IgM isotype. These results indicate that after ATG treatment, costimulation blockade and CsA cannot prevent formation of anti-donor antibodies.
Discussion
Transplantation of an organ from an MHC-mismatched donor evokes a strong alloreaction in the recipient, in rodents as well as in primates. Without immunosuppression transplantation leads to acute tubular necrosis and beginning signs of acute cellular allograft rejection in non-human primates within six to seven days [9] . Current immunosuppressive drugs prevent acute rejection almost completely, but chronic rejection still poses a threat to the long-term function of the graft. The ultimate goal in transplantation research is therefore to tolerize a recipient to the alloantigens of the donor. A long list of tolerance induction strategies have been tested in rodents, but most of these fail when they are applied in primates [18] . One reason may be that the rodent and human immune systems differ fundamentally [19] . Another reason is the different degree of immunological maturity between the rodent and primate immune systems due to the different exposure to pathogens that shape the immune repertoire during early life [2] . The mature human memory repertoire contains alloreactive T-cells [20] that form the major hurdle in the establishment of allospecific tolerance by costimulation blockade [2] . Conceptually, the removal of these cells with ATG should have a positive effect on costimulation blockade induced tolerance, but the current study shows that ATG treatment does not synergise with costimulation blockade.
We have demonstrated previously that antibody-mediated blockade of costimulatory molecules on antigen presenting cells (CD40 and CD86) suppresses the rejection of a kidney allograft in rhesus monkeys [5] . Combination with late CsA treatment even created long-term survivors who accept their kidney allograft for more than four years without further immunosuppression [11] . In this study, we show that this encouraging effect is not enhanced further when recipient monkeys are treated with ATG at the start of costimulation blockade treatment. In addition to ATG, methylprednisolone was given on POD -1, as integral part of the first ATG administration, to alleviate the side effects. It may be possible that methylprednisolone is implicated in the observed negative effects on the graft in the ATG group. However, methylprednisolone has a reported biological half-life of only 12-36 hr in humans and no T-cell depleting effects have been reported. It is therefore unlikely that methylprednisolone is responsible for the observed effects and no treatment group was included to control for this possible effect. The CsA treatment was also different between the ATG group and the COS/CsA group. CsA treatment was maintained at high-dose after POD 70 in the ATG group, because all animals had already experienced one or more rejection episodes. Only one animal in the ATG group was still alive, with ongoing rejection, when CsA was stopped after POD 98. It is therefore unlikely that the increased survival in the COS/CsA group is caused only by the prolonged low-dose CsA treatment until POD 126 in this group.
The current study shows that in conformity with literature data, ATG causes rapid partial depletion of CD4 + and CD8 + T-cells from the circulation [14] . The sequence of reappearing cells is first CD8 + T-cells with a memory phenotype, and then followed by the much slower reappearance of CD4 + memory T-cells. Naive cells are hardly present, after ATG treatment. A possible explanation for the predominance of memory cells could be homeostatic repopulation of the free space. Mostly memory T-cells reappear, while naive cells would appear slower, as they are less capable of self-renewal [21] [22] [23] [24] . It has been confirmed in mice that cells undergoing homeostatic proliferation cannot be rendered tolerant by costimulation blockade [25] . However, mechanisms such as increased proliferation of alloreactive cells after ATG treatment may also result in increased numbers of memory cells. Memory CD4 + T-cells can provide efficient help to anti-donor CD8 + cells in the presence of costimulation blockade [26] , leading to graft destruction. CD4 + memory T-cells also can provide help for antibody isotype switching. This could explain the increased amounts of anti-donor IgG antibodies that we found in the ATG group (3 of 5 treated with ATG versus 0 of 9 treated without ATG). The presence of donor-specific alloantibodies correlates with graft failure [27] . The induction of donor-specific alloantibodies in ATG-treated animals is therefore unfavourable as compared to treatment with costimulation alone.
Our observation that reappearing T cells after ATG treatment are predominantly CD8 + contrasts with observations by Pearl et al. [28] . However, others have reported that, similar to our findings, CD8 + cells are the dominating T-cell subset after peripheral T-cell depletion [15, 16] .
The current study shows a substantially reduced expression of CTLA-4 (CD152) and FOXP3 in graft biopsies from ATG-treated animals at POD 21 (Fig. 4.3) . Graft biopsies from animals treated only with anti-CD40 antibodies, which survive beyond the treatment period [5] , have high percentages of CTLA-4 + infiltrating cells in the graft (22.5±4.6% of infiltrating cells) and two animals also have higher percentages of FOXP3 + cells in the graft than any of the ATG, COS or COS/CsA animals (data not shown). Reduced numbers of the Treg-specific marker FOXP3 and the down-regulatory molecule CTLA-4 in early biopsies in ATG-treated animals may be a possible explanation for the observed early rejections in this group.
We conclude that partial T-cell depletion with ATG does not have an additive effect to the graft survival observed with costimulation blockade with or without CsA. Rather, we find a disturbed balance of memory over naive CD4 + and CD8 + T-cell ratios and reduced numbers of CTLA-4 + and FOXP3 + cells in early graft biopsies.
